Study objective -To examine how child pedestrian exposure to risk, as measured by the mean number of streets crossed, varies according to indices ofmaterial disadvantage and ethnic group. Design -A questionnaire on pedestrian exposure to risk was distributed to children for completion by parents and return to school. Children from 40 schools were selected using a probability cluster design. Setting -The Auckland region ofNew Zealand. Subjects -Questionnaires were distributed to 3388 pupils of whom 2873 (85%) completed and returned the questionnaire. Results -The mean number of streets crossed was 2*19 (95% confidence interval 182, 2.56) at age 6 years and 2-80 (2-42, 3.17) at age 9 years. The mean number of streets crossed for boys (2.57 (2.15, 2.98)) was similar to that for girls (2.38 (2.05, 2.72)). The mean number ofstreets crossed Conclusion -There are large differences in pedestrian exposure to risk in relation to ethnic group and levels of car ownership. These differences may explain ethnic and socioeconomic differentials in child pedestrian injury rates.
The concept of "exposure to risk" is central to understanding the epidemiology of childhood traffic injuries.' The concept is straightforward. Children who are driven to school are exposed to the risk of vehicle occupant injury, but are not exposed to the risk of pedestrian injury on that particular journey. For child pedestrian injuries, an understanding of how pedestrian exposure to risk varies within and between populations may answer several of the most important aetiologic questions: why some population subgroups have higher injury rates than others, why injury rates vary between countries and why injury rates change over time.' In New Zealand, nearly all child pedestrian injuries occur on public roads. Children are thus exposed to the risk of pedestrian injury predominantly while crossing roads. Within a population the amount of road crossing by children will vary. Some children make many road crossings each day while others make few or none. Like most population variate values, the number of roads crossed will cluster around a central value, with the probability of finding more extreme values decreasing towards the tails of the distribution. The mean number of roads crossed can be used to locate a population along an axis of pedestrian exposure to risk.
There are steep social class gradients in child pedestrian death rates. In Britain, the pedestrian death rate for children in social class V is almost five times that of children in social class L.2 Strong socioeconomic gradients also exist for non-fatal child pedestrian injury.3 In New Zealand, pedestrian injury rates also vary considerably in relation to ethnic group. The rate for Maori and Pacific Island children is over twice that of children of European origin. These ethnic differences persisted, although somewhat attenuated, after controlling for neighbourhood environmental characteristics.'
The socioeconomic and ethnic differences may be due to differences in exposure to risk. A study of the travel patterns of British schoolchildren found that poor children were considerably less likely to travel to school by car and were more likely to walk. we report the results of a study of child pedestrian exposure to risk that was conducted in Auckland, New Zealand. The study was conducted as part of "INSECT," (an international study of the exposure of children to traffic). INSECT involves data collection in a number of urban centres internationally, using the same methodology and survey instrument. In this study we use Auckland data to examine how pedestrian exposure to risk varies within a population according to indices of material deprivation and ethnic group.
Methods
Survey subjects were selected using a probability cluster design. The sampling frame for the primary sampling units (primary schools) was a list of all primary schools, including private and special schools, in the Auckland region of New Zealand. The Auckland region has a predominantly urban population of 936 981 of whom approximately 213 177 are under 15 years. Forty schools were randomly sampled from the list with a sampling probability in proportion to the number of children on the school roll. Two age groups were selected for study -6 year olds and 9 year olds. All children in the relevant grade of the selected schools were invited to participate. The survey was conducted in November 1994.
Pedestrian exposure to risk was determined using a questionnaire that was distributed to children in the classroom, to be completed at home with their parents. The questionnaire included questions about each part of the day (before school, going to school, returning from school, and after school) to determine the number and type of streets crossed and whether the child was alone or accompanied. We asked about home and car ownership and about ethnic group. We asked that children complete the questionnaire with their parents in the evening, by systematically reviewing their road crossings for that day. Parents indicated their consent to participate by ticking the relevant box on the questionnaire. The questionnaire had been pilot tested in Seattle, USA and in Melbourne, Australia. Questionnaires were issued on a second occasion if the first was not returned. Response rates were calculated as the proportion of all first issue questionnaires that were completed and returned.
The SAS statistical software package was used to categorise and analyse the data. Because the cluster design can cause an underestimation of the standard error of the outcome variables if simple random sample methods are used, we adjusted the standard errors for design effects using the sample estimate of the intraclass correlation coefficient.6 The study was approved by the University ofAuckland Human Subjects Ethics Committee.
Results
Of the 3385 questionnaires that were distributed, 2873 (85%) were completed and returned. Questionnaires were completed by the parents of 1395 (49%) boys and 1478 (51%) girls. The study sample comprised 1534 (53%) 6 year olds and 1339 (47%) 9 year olds. 
Discussion
Pedestrian injury has emerged as the contemporary "disease" of childhood poverty. In Britain, socioeconomic gradients in pedestrian injury mortality are steeper than for any other child health problem. Death rates for children in the lowest class are almost five times those of children in social class one.2 In New Zealand there are also strong associations between pedestrian injury risk and ethnic group. These may, however, primarily reflect socioeconomic disadvantage, since the ethnic groups with the highest injury rates are also the most disadvantaged. Understanding the reasons for the socioeconomic and ethnic differentials in injury rates has important implications for prevention. Two hypotheses have been proposed to account for them. The first is that poor children live in more dangerous urban traffic environments, with higher traffic volumes and speeds.7 However, a New Zealand case-control study found that the associations between pedestrian injury Roberts (2 3) is almost identical to the odds ratio associated with lack of access to a car that was observed in a case-control study in the same population (OR= 2a 1 95% confidence interval (95% CI) 3410 ). Because the case-control study included children aged 0-14 years and children who were injured at times other than schooldays, direct comparison of these data sets is not entirely appropriate. Nevertheless the results support the contention that pedestrian exposure to risk underlies the association with car access. Moreover, the results show a "dose response relation," with pedestrian exposure increasing as car ownership decreases. This observation underscores the unequal societal distribution of the health advantages and disadvantages of car travel. Children from families without a car receive none of the benefits of car travel but a greater share of the risks. An analogy might be drawn with secondary smoking. Cigarette consumption by smokers adversely effects the health of nonsmokers. In the context of pedestrian injury, the volume of road traffic is one of the strongest risk factors for injury. Thus, car travel by more affluent families increases the injury risk for children from families without a car. The results also indicate that ethnic differences in pedestrian exposure are not entirely attributable to differences in car ownership. Pacific Island children from families who do not own a car cross substantially more roads than do European children from families with no car. Pacific Island children are very much over-represented among the most disadvantaged groups in Auckland so that it is possible that there may be some residual confounding by factors In summary, these results show that car ownership is a key determinant of child pedestrian exposure to risk. Since car ownership is intimately related to socioeconomic circumstances, this observation provides the most compelling explanation for socioeconomic gradients in pedestrian injury rates. Because car travel contributes to traffic volume it increases the pedestrian injury risk for those without access to a car. In this way, child pedestrian injury might be viewed as a direct consequence of an unequal societal distribution of wealth. Indeed, it is interesting to speculate whether the extraordinarly low child pedestrian injury rate in Sweden is related to its more equitable distribution of income. These results have important implications for public health. They suggest that one approach to the prevention of childhood traffic injury is that of tackling socioeconomic inequality itself. The low use of public transport by children points to another preventive strategy. Strengthening the public provision of alternatives to car travel and encouraging the use of public transport by children might reduce traffic volume and at the same time reduce the exposure to risk of children who are denied the option of car travel. Finally, the wider implementation of traffic calming measures and the provision of safe cycle tracks would reduce the injury risk for children who walk or cycle to school. This strategy might also persuade car owning parents to allow their children to enjoy the health benefits of walking and cycling.
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